Saxton Plutonium Program. Quarterly Progress Report for the period ending September 30, 1965. Part 5. EUR 2682. by Nelson, N.R.
EUR 2682..e 
PART V 
EUROPEAN ATOMIC ENERGY COMMUNITY - EURATOM 
SAXTON PLUTONIUM PROGRAM 
. Quarterly Progress Report 
for the period ending September 30, 1965 
by 
N.R. NELSON 
(Westinghouse Atomic Power Division) 
1966 
EURATOM/US Agreement for Cooperation 
EURAEC Report No. 1415 prepared by the 
Westingl\OU$e .Electric Corporation, Pittsburgh, Pa. - USA 
. A1W Contract No. AT(30-1)-3385 
LEGAL NOTICE 
This document was prepared under the sponsorship of the Commission 
of the European Atomic Energy Community (Euratom) in pursuance 
of the joint programme laid down by the Agreement for Cooperation 
signed on 8 November 1958 between the Government of the United 
States of America and the European .Atomic Energy Community. 
It is specified that neither the Euratom Commission, nor the Government 
of the United States, their contractors or any person acting on their 
behalf: 
Make any warranty or representation, express or implied, with respect 
to the accuracy; completeness, or usefulness of the information con-
tained in this document, or that the use of any information, apparatus, 
method, or process disclosed in this document may not infringe 
privately owned rights; or 
Assume any liability with respect to the use of, or for damages resulting 
from the use of any information, apparatus, method or process 
disclosed in this document. 
This report is on sale ar the addresses listed on:· cover page 4 
at the price of FF 12.50 FB 125.- DM 10.- Lit. 1560 Fl. 9.--' 
When ordering, please .. quote the EUR number and the title, 
which are indicated on the cover, of each report. 
Printed by Guyot, s.a. 
Brussels, February 1966 
This document was reproduced on the basis of the best available 
copy. 
EUR 2682.e 
PART. V 
SAXTON PLUTONIUM PROGRAM Quarterly Progress Report for the 
period ending September 30, 1965 by N.R. NELSON (Westinghouse Atomic Power Division) 
European Atomic Energy Community - EURATOM 
EURA TOM/US Agreement for Cooperation 
EURAEC Report No. 1415 prc,pared by the Westinghouse Electric Corporation, Pittsburgh, Pa. (USA) 
AEC Contract No. AT(30-l)-3385 
Brussels, February 1966 - 90 pages - 22 figures - FE 12/i 
The final detailed analyses and comparison of design predictions versus 
critical experiment data have been completed. Results are in close agreement. 
All fuel assemblies have been completed and shipped to Saxton. The 3 X 3 
subassembly, which was completed during the previous quarter, has continued 
satisfactory operation in Saxton Core I and has accumulated an exposure of 
about 1,400 MWD/t (U + Pu). 
The Saxton license amendment, allowing operation with plutonium bearing 
new fuel, was issued on September 20, 1965. 
Final plans for zero power and startup tests were completed. 
A detailed sampling plan was prepared and submitted to the AEC. 
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SAX-100 Project Administration 
N. R. Nelson 
All project work up to the stage of refueling Saxton with Core II 
has been completed except for the issuance of topical reports. 
These reports will be expedited during the next quarter after 
refueling, which will start during the first week in October. 
After startup and after analysis of startup data, there will be 
a period of over a year and a half of routine reactor operation 
with occasional shutdowns. During this time, nuclear core follow 
and some therm.al. and hydraulics follow will be carried out. 
However, there will not be a great deal of technical information 
generated. Consequently, it is being suggested to the AEC that 
semi-annual reports, instead of quarterly reports, be issued 
during that time. 
Revised Work Programs have been submitted to the AEC and approval, 
with some restrictions, has been obtained through the first half 
of fiscal year 1966. 
Manuscript receiTed on Deceaber 10, 1965. 
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SAX-220 Fuel Design - Mechanical, Thermal & Hydraulic 
H. N. Andrews, E. A. McCabe, N. J. Georges, E. A. Bassler 
Manufacture of the plutonium fuel assemblies and inspection of the 
channel spacing between adjacent fuel rods and between fuel rods 
and fuel assembly enclosure were completed during this period. 
The nominal design channel spacing between fuel rods and between 
fuel rod and assembly enclosure were .189 and .149 inches respectively. 
Minimum rod to enclosure spacings of .135 inch average along the 
length of the rod and .123 inch local were established as inspection 
requirements. The fuel assembly enclosures were reworked as necessary 
to meet these requirements. The inspection data are now being used 
by the Therm.al-Hydraulics Design Group to establish engineering hot 
channel subfactors for fuel rod bow and channel spacing in the as-
fabricated fuel assemblies. 
A topical report in the Mechanical and Thermal-Hydraulic area will 
be prepared during the next qua.rter. 
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SAX-230 Fuel Design - Materials 
R. J. Allio, A. Biancheria 
The work under this sub-task has been completed. A topical report 
is in preparation. Issuance of this report, which was scheduled 
for the first quarter of fiscal 1966 has been delayed until the 
second quarter. 
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SAX-250 Planning and Analysis of Critical Experiments 
* ** F. L. Langford, W. L. Orr, H. I. Sternberg, P. Deramaix, L. Bindler 
A. Introduction and Summary 
1, Introduction 
The objective of this task was to plan, design, and analyze 
the critical experiments carried out at the Westinghouse 
Reactor Evaluation Center (WREC) to verify the Saxton nuclear 
design. The fuel rods used in these experiments also will be 
used in the nine central fuel assemblies of the second Saxton 
reactor core for a period of about two years. 
The WREC critical experiments program and the supporting 
program of analysis have been completed. Much of the post-
critical comparison of analysis with experiment was reported 
1 in the previous quarterly report. Comparisons were made in 
the following functional areas: 
a. Reactivity and Criticality 
b, Power Peaking Effects 
c. Power Sharing 
Work continued in these areas during the quarter with the 
emphasis placed on the analysis of the multi-region experiments. 
* ** On leave from Belgo-Nucleaire, Brussels, Belgium and CEN, Mel, Belgium 
working on the Saxton Plutonium Program.in the scope of the EURATOM/AEC/ 
Westinghouse Contract. 
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2. Summary 
The following statements briefly sunnnarize the work 
completed during the quarter. 
a. The analysis of the multi-region experiments was 
completed. The analysis of the remaining power sharing 
configurations confirm the comparisons reported previously. 1 
2 The PDQ-3 analysis and the measured power distributions 
determined using factors from foil irradiation experiments 
to relate measured gamma activity to rod power for the two 
different fuel types agree within approximately 1%, The 
agreement between analysis and measurements is within 5% 
using factors determined by a thermal method. 
b. Comparisons of analysis with experiment were made for a 
wide range of multi-region reactivity measurements. The 
comparisons include fuel substitution experiments, core 
perturbations such as water slots, poison worth measure-
ments, and temperature coefficient measurements. In 
general, close agreement was obtained. 
c. A draft of the final topical report was completed and is 
currently being reviewed. This report will be issued in 
the next quarter bringing to a close the work under this 
task. 
The work of this quarter is reported according to the 
following functional headings: 
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(1) Reactivity Measurements and Analysis 
(2) Special Power Sharing Experiment 
(3) Final Criticality Comparisons 
B. Analysis/Experiment Comparisons 
l. Reactivity Measurements and Analysis 
During the experimental program, extensive reactivity 
measurements were ma.de in both single and multi-region 
configurations. In general, these measurements can be 
grouped into four categories: 
a. Reactivity worth of changes in core geometry for step 
changes in loading from a one-zone core to a two-zone 
core. 
b. Reactivity worth of core perturbations such as water 
slots. 
c. Reactivity worth of control rods and soluble poison. 
d. Temperature coefficient measurements. 
(1) Fuel Substitution Experiments 
The fuel substitution experiments were of two 
' 
types. First, insert experiments were carried 
out in which a relatively small number of fuel 
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rods in the center of the core were replaced by 
fuel rods of a different type, as in a central 
3 x 3 region. Second, changes in core configuration 
were made in small steps as in changing from a 
single region core to a multi-region core by 
replacing one fuel type with the other fuel type. 
The reactivity change was measured for each step. 
Consequently, experimental information is available 
for a number of different multi-region configurations. 
The fuel substitution experiments provide an 
excellent test of the analysis methods and cross 
sections. The LEOPARD~PDQ-3 sequence using cross 
4 
sections reported by Wescott at the 1964 Geneva 
Conference was used to determine the reactivity 
effect of each core change. Since a larger 
discrepancy between analysis and experiment was 
found for the Pu02-uo2 fueled reference core than 
for the reference core fueled with uo2 , it was 
necessary to consider the etf'ect of the difference 
in the size of the induced error in evaluating core 
changes involving both fuels. The correction was 
based on the relative number of neutrons produced 
by fissioning in each fuel as determined from a 
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PDQ-3 calculation for the configuration involved 
and the size of the reactivity discrepancy for 
each reference core. Figure 250.1 compares the 
measured and calculated reactivity changes for a 
series of fuel substitution experiments. The 
figure shows that the analysis and experiment are 
in good agreement. 
(2) Perturbation Experiments 
The effect on reactivity and local power peaking 
resulting from core perturbations such as water 
slots was described in the previous quarterly 
report. Analytic comparisons were made with the 
experimental results from the single region experi-
ments. Similar comparisons have now been completed 
for the multi-region perturbation experiments. 
It is interesting to compare the measured and calcu-
lated reactivity worth of a water slot as a function 
of re.dial position for cores containing a variation 
in the fuel distribution. Table 250.l contains 
a comparison for two differ~nt multi-region cores. 
The first core contains a central Puo2-uo2 region 
(ll x ll) surrounded by a.n outer uo2 region forming 
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Figure 250.1 A Comparison of Analysis with Experiment for Fuel 
Substitution Experiments in a Multi-Region 19x19 Core. 
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Vl 
0 
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2l X 2l 
21 X 21 
21 X 21 
Table 250.l 
Water Slot Reactivity Effects - Analysis and Experiment 
Multi-Re~ion Cores 
Region l Region 2 
Measured 
Size Fuel Fuel Water Slot Location 
% 6k/k 
ll X ll Pu02-uo2 
uo 2 
5 Center Rods Removed(Pu0 2-uo2 ) + o.46 
ll X ll Pu0 2-uo 2 
uo 2 
5 Pu0f-uo2 Rods at Fuel 
+ 0.27 
Inter ace Removed 
ll X 11 Pu02-uo2 
uo 2 
5 uo
2 
Rods at Fuel Interface + 0.20 
Removed 
11 X 11 uo2 
Pu02-uo2 
5 Center Rods Removed (uo2 ) + 0.20 
11 X 11 uo 2 
Pu02-uo 2 
5 U0
2 
Rods at Fuel Interface + 0.28 
Removed 
11 X 11 uo 2 
Pu02-uo2 
5 Pu0f-uo2 Rods at Fuel 
+ 0.25 
Inter ace Removed 
Calculated 
% 6k/k 
I + o.46 
\ 
l + 0.38 
+ 0.32 
+ O.l9 
+ 0.37 
+ 0.37 
a 21 x 21 core overall. In the second core, the 
fuel positions are reversed with uo2 in the inner 
region (11 x 11) and Pu02-uo2 in the outer region. 
The reactivity worth of each water slot was determined 
in separate experiments by removing; (a) five fuel 
rods in the center of the core, (b) five fuel rods 
at the fuel interface (inner region rods removed) 
and (c) five fuel rods at fuel region interface 
(outer region fuel rods removed). The LEOPARD-PDQ-3 
sequence was used for the analysis. Group constants 
,, 
for the slot were determined by the use of an extra 
region in a fueled LEOPARD calculation in an effort 
to account for the effect on the water slot spectrum 
of the surrounding fuel. A different Dancoff calcu-
lation from that of the normal lattice was used for 
the fuel rods surrounding the slot. Satisfactory 
agreement between analysis and experiment was 
obtained for the central water slot in the multi-region 
cores. However, the comparison was unsatisfactory 
for the water slot worth at the fuel interface. 
(3) Control Rod and Soluble Poison Worth 
The reactivity worth of control rods and soluble 
poison were determined in both single region and 
multi-region configurations. Tables 250.2 and 250,3 
contain comparisons of the measurements with the 
appropriate PDQ-3 calculations. 
f\) 
\.J1 
0 
I 
\0 
Table 250.2 
* ** Control Rod Worth - Analysis and Experiment 
I Single Region Core 
I 
I 
I Rod Worth r··-··- -· Calculated i Core Measured 
' 
Size Type Fuel Control Rod Position % lik/k keff i 
21 X 21 uo2 5 Rods in Center - 4.50 Ref: = 1. 003477 Rods:= 0.95804 
21 X 21 Pu0 2-uo2 5 Rods in Center - 3.92 Ref: = 1.012429 I Rods: = 0.978187 
Multi-Region Core 
Rod Worth 
Core Region 1 Region 2 Measured Calculated 
Size Size Fuel Fuel Control Rod Position % lik/k keff 
21 X 21 11 X 11 Pu0 2-uo2 uo2 5 Rods in Center - 3.65 Ref: = 1.008326 Rods:= 0.972443 
21 X 21 11 X 11 Pu02-uo2 uo2 5 Rods - Pu0 2-uo2 - 2.92 Rods = 0.981933 Interface 
! ! 5 Rods - U02 21 X 21 11 X 11 Puo2-uo2l uo2 - 2.60 Rods:= 0.983037 i Interface 
* Control Rods (unclad) 
O.D. = o.403 inch 
Composition = .05 Ag, .15 In, .80 Cd 
** Data Being Evaluated 
% lik/k 
- 4.63 
- 3.45 
% lik/k 
- 3.62 I 
! 
! 
- 2.65 
- 2.54 
f\) 
V1 
0 
I µ 
0 
Table 250,3 
Soluble Poison Worth - Analysis and Experiment 
Sin~le Reaion Core 
Poison Worth 
Core Measured Calculated 
-Size Type Fuel b Boron (ppm) % bk/k keff % bk/k 
19 X 19 Pu02-uo2 0 - 50 ppm - 0.79 b Ref: = 1.011479 - 0.77 Boron: I,= 1.00374 I 
• 
Multi-Resion Core 
Poison Worth 
Core Re~ion 1 Re~don 2 Measured Calculated 1 
Size Size Fuel Fuel b Boron (ppm) % bk/k keff % bk/k 
27 X 27 19 X 19 Puo2-uo2 uo2 1166 - 1368 - 1.49 6 Ref: = 1.0400 - 1.48 
.. Boron: = L 0247 
27 X 27 19 X 19 Puo2-uo2 uo2 116 - 1453 - 1.95 
6 1. 0206 - 1.88 Boron: = 
1 PDQ Group Constants were Determined using Leonard Cross Sections 
Core 
Size 
19 X 19 
(4) Temperature Coefficient 
Temperature coefficient measurements were made at 
atmospheric pressure for a range of temperatures 
from approximately 15°c to a maximum of 70°C. The 
analysis and experiment for a multi-region configu-
ration are compared in the following list. A 
discrepancy of approximately 8% was found. 
Temperature Coefficient 
Sin~le Re5ion Region 2 {x 1052 %~k/k/ 0 c) Temperature 
Size Fuel Fuel Measured Calculated Range, 0 c 
11 X 11 Pu02-uo2 uo2 10.25 9.5 18-70 
2. Special Power Sharing Experiment 
The method used in the past to determine power distributions 
in the Saxton reactor has been to measure the activation of 
manganese wire in flux wire thimbles at fixed locations in 
the core. The activation measurements are then translated 
to rod power by means of a PDQ-3 calculation of activation 
and power for the appropriate configuration. An experiment 
was conducted at the WREC to determine whether any additional 
uncertainty in the translation from activation to power is 
introduced in a core containing two different fuel types. 
To approximate the measurement conditions in the Saxton 
reactor, two L-shaped arrays of uo2 fuel rods were installed 
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in the central Pu02-uo2 fuel region to simulate the 
control rod fuel followers and aluminum rods containing 
manganese wire inserts were inserted at positions 
corresponding to the .location of the flux wire thimbles. 
Figure 250.2 is a diagram of the core showing the location 
of the manganese wires and the rods that were gamma scanned. 
A PDQ-3 calculation was carried out for this assembly. 
Table 250.4 includes a comparison of the measured and 
calculated power and wire activities. These comparisons 
of analysis with experiment do not indicate the existence 
of any special difficulty that might limit the usefulness 
of the method in determining rod power in the Saxton design 
core. 
3. Summary of Criticality Results 
A criticality study for a number of Hanford and WREC mixed-
oxide (Pu02-uo2) critical experiments was carried out using 
6 the LASER and LEOPARD programs. An improved version of 
LASER is available which includes a variation of the thermal 
energy mesh. The improved mesh consists of very fine energy 
intervals under the Pu-239 and Pu-240 resonances and thus 
eliminates the necessity of using weighted effective cross 
section data in the thermal library. The effect of the 
revised mesh for both Hanford and WREC experiments is to 
improve the reactivity correlation as well as to eliminate 
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Figure 250.2 Core Diagram for Two-Region Power Shaping Experiment 
Containing Simulated Fuel Followers and Flux Wire Thimbles. 
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Table 250,4 
Special Power Sharing Experiment - Analysis and Experiment 
Mn Wire PuO~-U02 Fuel Rods U02 Fuel Rods 
Experiment 
No. Experiment Analysis No. Experiment Analysis No. Foil Method Thermal Method Anal~sis 
26 1.426 1.426 21 1.000 1.000 67 0.302 0.286 0.321 
27 1.031 1.015 20 1.052 1.033 68 0.277 0.263 0.253 
28 1.344 1.363 19 1.061 1.093 69 0.323 0.307 0.303 
29 1.144 1.115 18 0.762 0.742 70 0.381 0.361 0.375 
30 1.192 1.174 17 0.998 0.992 71 0.591 0.560 0.617 
13 0.951 0.928 7~ 0.567 0.538 0.554 
9 0.807 0.803 73 o.421 0.399 o.4ii 
6 o.643 o.64o 1; 0.522 o.495 o.496 
I\) 4 0.552 0.542 75 o. 573 0.543 0.565 
V1 
0 10 1.049 1.085 76 0.593 0.563 0.573 I 
I-' 
.f="' 7 0.826 0.804 77 - 0.560 -
5 0.763 0.745 78 0.755 0.716 0.754 
11 0.706 0.693 79 0.810 0.768 0.794 
12 0.792 0.110 80 0.792 0.751 0.777 
14 0.974 0.969 81 0.796 0.755 0.784 
15 0.756 0.740 82 0.780 0.740 0.160 
16 o.836 0.807 
23 
-
0.729 
34 o.848 0.873 
22 0.857 0.856 
the apparent trend with pitch present in earlier 
calcul.ations. Two cross-section sets, Winfrith7 and 
SHER 19658, in addition to those reported previously, 
Leonard9 and Wescott, were investigated during the 
quarter using the revised LASER. A complete summary of 
the resul.ts obtained with LASER using the Nelkin scattering 
kernel for the various cross-section sets is included in 
Table 250.5. LEOPARD results are summarized in Table 250.6. 
A comparison was made of the results obtained with LASER 
and LEOPARD, by computing the average discrepancy and the 
standard deviations for the various mixed oxide experiments 
that were analyzed. These results are listed in Table 250.7. 
The comparison shows somewhat better agreement from the 
standpoint of both the average discrepancy and standard 
deviation for the LASER code. 
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TABLE 250.5 
LASER Reactivity Comparisons with Different Thermal Cross Sections 
Lattice Fuel Rod Moderator/ H/Pu LASER LA.SER LASER LA.SER Pitch Diameter Fuel Vol. Atom (NELKIN, (NELKIN, (NELKIN, (NELKIN (inL (in_)_ Ratio Ratio LEONARD[ WESTCOTTJ_ WINFRITH) SHER, 1965) 
Hanford 
0.55 0.372 1.10 230 1.0095 1.0002 0.9923 1.0009 0.60 0.372 1.56 326 1.0126 1.0029 0.9946 1.0026 0.71 0.372 2.71 567 1.0170 1.0068 0.9983 1.0058 0.80 0.372 3.79 794 1.0156 1.0053 0.9968 1.0043 0.90 0.372 5.14 1077 1.0159 1.0056 0.9971 1.0044 I\) \J1 
0 
* I WREC I-' 0\ 
0.52 0.337 1.68 76 1.0053 0.9970 0.9897 0.9964 0.56 0.337 2.16 98 1.0231 1.0140 1.0062 1.0114 0.735 0.337 4.70 211 1.0194 1.0092 1.0007 1.0067 0.792 0.337 5.67 254 1.0227 1.0122 1.0036 1.0094 1.04 0.337 10.80 486 1.0266 1.0158 1.0069 1.0139 
* Aluminum mid-plate omitted. 
I\) 
Vl 
0 
I 
I-' 
-.:i 
Lattice 
Pitch 
(in) 
Hanford 
.55 
.60 
• 71 
.80 
.90 
* WREC 
.52 
.56 
.735 
.792 
1.04 
* 
Table 250.6 
LEOPARD Reactivity Comparisons with Different Thermal Cross-Sections 
LEOPARD 
(Leonard) 
1.0165 
1.0240 
1.0314 
1.0297 
1.0272 
0.9998 
1.0223 
1.0268 
1.0313 
1.0314 
LEOPARD 
(Westcott 
Geneva 1964) 
1.0039 
1.0102 
1.0170 
1.0133 
0.9890 
1.0103 
1.0128 
1.0175 
1.0167 
LEOPARD 
(Sher 1965) 
1.0049 
1.0102 
1.0155 
1.0129 
1.0098 
0.9892 
1.0101 
1.0114 
1.0159 
1.0143 
Aluminum mid-plate omitted. 
I\) 
V1 
0 
I 
I-' 
CP 
Cross Sections 
LEONARD 
II 
II 
WESTCOTT 
II 
" 
SHER 1965 
II 
II 
Winfrith 
II 
II 
* 
TABLE 250.7 
Comparison of the Different Standard Deviations Determined 
from LEOPARD and LASER Calculations 
a 0 Lattices 
~eop LEOPARD LASER 
5.26 10-3 2.73 10-3 HANFORD 1.0258 
11. 75 10-3 7.92 10-3 WREC 1.0223 
9.26 10-3 6.19 10-3 * H & W 1.02404 
4.8110-3 2.55 10-3 Ui\NFORD 1.0111 
10.33 10-3 6.69 10-3 WREC 1.0091 
8.40 10-3 5.99 10-3 H & W 1.0100 
3.54 10-3 1.69 10-3 HANFORD 1.0107 
9.57 10-3 6.17 10-3 WREC 1.0076 
7.37 10-3 4.93 10-3 H & W 1.0092 
-
2.13 10-3 HANFORD 
-
- 6.25 10-3 WREC 
-
- 5.40 10-3 H & W 
-
Combination of the Hanford and WREC data. 
~aser 
1.0141 
1.0194 
1.0168 
1.0039 
1.0096 
1.0071 
1.0036 
1.0076 
1.0056 
0.9958 
1.0014 
0.9986 
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SAXF-310 Fuel Fabrication - Materials 
R. J. Allio, A, Biancheria, R. N. Stanutz, M. D. Houston 
Pelletized Fuel 
All pelletized fuel rods fabricated by Nuniec were received by 
Westinghouse during the report period. High temperature water, 
isotopic analysis, rare earth analysis and Pu/U ratio analysis 
have been completed and received by Westinghouse. The analyses 
have been confirmed to be within specification. The remaining 
items to compldte the contractual commitments at Numec are: 
1. Library samples 
2, Scrap recovery 
The library samples are ready and will be shipped as soon as the 
Westinghouse Waltz Mill facility receives a license amendment 
allowing storage of an increased amount of Puo2-uo2 powder. Scrap 
recovery is expected to be completed by October 15, 1965, In the 
meantime, Numec has initiated action to transfer accountability 
for this material from the Westinghouse license to the Numec 
account. 
Vibrationally Compacted Fuel 
All vibrationally compacted fuel rods fabricated by the Battelle 
Northwest Laboratories were received by Westinghouse during the 
310-1 
last report period. Fuel library samples have been received at 
Waltz Mill. The only item required to complete the contract is 
the return of spare components. This shipment is expected 
shortly. 
Terminal Report 
Preparation of a final report on fuel fabrication has been delayed 
by late completion of fuel assemblies. The report will be completed 
during the next quart er. 
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SAXF-320 Fuel Inspection and Assembly 
W. E. Ray, A. Biancheria, R. N. Stanutz, M.A. Parker 
During this period the core loading pattern of the vibrationally 
compacted and pelletized f'uel rod assemblies and the location of 
the stainless and Zircaloy-4 rods within these assemblies were 
reviewed with the Nuclear and Thermal and Hydraulic Design sections. 
An acceptable loading design was determined and submitted to 
Mechanical Design for preparation of ma.nufacturing drawings. 
Assembly of all 9 x 9 plutonium fuel assemblies was completed during 
the period. The assemblies have been inspected, approved and shipped 
to Saxton. The Saxton license amendment to permit operation with 
plutonium bearing fuel was issued on September 20th, Assemblies will 
be loaded in the reactor the first week in October. 
Croes-section drawings recording the fuel rod identification letters 
and numbers as installed in lattice spaces in the nine fuel assemblies 
and in the one 3 x 3 subassembly are included in Figures 320.l through 
320.10. The location of assemblies within the core are shown on 
Figure 320,11. The symbol X in some of the grid locations indicates 
flux thimbles, neutron source points, or 9'x 9 removable rods. Since 
the 9 x 9 removable rods will be inserted at Saxton, the identification 
numbers of the rods inserted in the grid locations marked X will be 
recorded during refueling. 
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SAX-330 New Fuel Shipping 
H. E. Walchli, H. W. Keller 
During the quarter, modifications to the fuel shipping containers 
were completed. Licenses authorizing transport of the fuel and 
receipt of the fuel at Saxton were issued by the AEC. Fuel 
assemblies were completed, packaged and shipped to Saxton. 
This subtask has been completed. It will not be included in 
future reports. 
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SAX-340 Safeguards Analysis 
R. C. Nichols 
The final licensing procedures for the Partial Plutonium Saxton 
Core II were completed during this quarter. The Saxton Partial 
Plutonium Core II was reviewed by the Advisory Committee on 
Reactor Safeguards at its July 8 meeting. The main questions 
~eised by ACRS at this meeting concerned the magnitude of 
reactivity ano.nu:w..ies which might be expected to occur during 
operation of the core, and the magnitude of reactivity anomaly 
whose occurrence would justify a precautionary shutdown. 
ACRS was told that a departure of 3 or 4 percent Ak from prediction 
would not be considered unusual over the lifetime of the Core II 
because of the uncertainties in the burnup rate of the mixed fuel 
core. However, based on post-operating experience at Saxton, 
short-term reactivity losses of significant magnitudes would not 
be expected in the operation of Core II. A conservative analysis 
has shown that the Saxton reactor system could accept a sudden 
insertion of up to 1.25 percent Ak/k with the possibility of core 
damage but without causing failure of the reactor coolant system. 
ACRS then recommended that SNEC and the Regulatory Staff select an 
appropriate limit to reactivity anomalies "beyond those attributable 
340-1 
to discrepancies between prediction and observation of long term 
reactivity effects due to burnup." Accordingly, the following 
statement was prepared by Westinghouse, approved by SNEC and 
forwarded to the staff for approval: 
"During the operation of the reactor, periodic measurements and 
predictions of core reactivity shall be made. The core reactivity 
measurements shall be made at equilibrium conditions and shall 
take into consideration experimentally determined or analytically 
determined core characteristics. 
"The prediction of core reactivity shall be made based upon 
extrapolation of all preceding nominal core reactivity measurements 
and shall be made on a weekly basis. An unexplained reactivity gain 
or loss shall be defined as the difference between the experimental 
measurement and the prediction based upon extrapolation. If an 
unexplained reactivity loss of 1,25 percent 6k/k or more should occur, 
an evaluation shall be instituted and the Commission notified." 
The staff felt that this statement was adequate and the proposed 
Operating License Amendment was published in the August 17 issue 
of the FEDERAL REGISTER for the required waiting period of thirty 
(30) days. The Operating License Amendment was officially issued 
on September 20, 1965. 
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Work was initiated and completed to re-evaluate the hot startup, 
rod withdrawal at power and steam break accidents with more 
conservative values of the moderator temperature coefficient. 
This re-evaluation was performed so that the Saxton Technical 
Specifications for the moderator temperature coefficient limits 
could be made less restrictive if the zero and low power experiments 
indicate such a requirement. 
The values used in the re-evaluation are: 
Hot Startup 
Rod Withdrawal 
at Power 
Steam Break 
New 
= - 2.0 x 10-4 Ak/k/°F 
-4 
a = - 2.0 x 10 Ak/k/°F 
m 
2000 ppm a . - 3.4 x 10-4 Ak/k/°F 
m 
1000 ppm a . - 4.1 X 10-4 Ak/k/°F 
m 
0 ppm a . - 5.5 x 10-4 Ak/k/°F 
m 
Old 
-
- 2.7 X 10 -4 
- 2.7 X 10 -4 
- 2,7 X 10-4 
- 3.4 X 10-4 
- 4.1 X 10-4 
The results of the re-evaluation do not significantly alter the 
accident analyses presented in the Safeguards Report for the Saxton 
Core II. The hot startup accident results are no different at all 
as the transient is governed by the Doppler coefficient and is not 
changed by this small variation in moderator temperature coefficient. 
340-3 
The rod withdrawal at power re-analysis shows a change of o.6°F in 
the moderator at the peak power conditions which would result in 
4 -4 a change in reactivity between the two cases of O. 2 x 10 ~k/k 
which is a very small value and does not change the power transient 
significantly. 
The transients of the steam break are not changed by the change in 
moderator coefficient as reactor scram occurs well before any large 
moderator temperature changes occur, Changing the moderator coefficient 
only changes the amount of reactivity required in control rods out 
of the core prior to the accident to prevent return to critical during 
the moderator cooldown. 
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SAX-350 Alpha Protection 
J. W. Power 
All ten channels of the Alpha Monitoring System (AMS) were delivered, 
installed, calibrated, and operationally checked-out. Figures 1 to 
5 are functional block diagrams of the ten AMS instrumentation channels. 
Figure 6 is a piping diagram of the detector housing assembly. 
The following programs of instrument operation were initiated in 
conjunction with SNEC prior to plutonium fuel core loading. 
A. Prior to receipt of instrumentation at the site, Radon-Theron 
background level studies were conducted on a time basis throughout 
the plant in order to establish alarm set points. 
B. More intensive alpha surface contamination techniques were 
established as normal plant survey operations. 
C. Alpha hand and foot monitoring stations were put in operation on 
a permanent basis. 
D. Direct comparisons of the AMS air particulate monitors with the 
laboratory analysis instrumentation were initiated in order to 
re-affirm the channel's alpha efficiency and sensitivity. 
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* 
The following additional equipment, not noted in the last report, 
was procured for the AMS: 
Channel RIC-1-P Vapor Container Air Particulate Monitor 
y, B Monitor for (a/y, B) Ratio Determination 
* l Model MD-lB G.M. Detector Assembly 
* l Model RM-20BS Count Rate Module Assembly 
Tracerlab/West Model Number 
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SAX-400 Performance of Critical Experiments 
D. F. Hanlen, R. D. Leamer 
The experimental work under this sub-task was completed during 
the previous Quarter. 
A topical report is being prepared for issue during the next 
Quarter. 
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SAX-510 
* 
Nuclear Analyses of Operation Performance 
F. L. Langford, W. L. Orr, A. J. Impink, R. H. Chastain, 
G. F. Elletti*, H. I. Sternberg 
A. Introduction and Elumrrl.ary 
1. Introduction 
During the Quarter, the work under this task was begun. 
The objectives of the task are to compare the expected 
performance of the plutonium fuel in the Saxton reactor 
with experimental results and to evaluate the differences 
between the analysis and experiment that are found. A 
second objective is to provide supporting analysis during 
the irradiation period. The supporting analysis will 
include the evaluation of reactivity and power distribution 
changes with time corresponding to the operating history of 
the core. 
The work to be carried out under this task can be divided 
into three phases: The first, concerns the planning of the 
initial test program and the predictions of the reactor 
performance based on the analysis and the extrapolation of 
the experimental data from the WREC critical experiment. 
CNEN - Rome, Italy 
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The second, involves the initial testing in Saxton from 
zero-power tests to full-power operation. The analytic 
requirements in this phase include the post1analysis of 
the startup data. The startup physics data will provide 
the first test of the nuclear calculation models under 
power reactor conditions of temperature and pressure and 
with engineered fuel and control configurations. 
The third phase is concerned with the long-term irradiation 
of the core. During this phase, core conditions will be 
periodically monitored and analyzed. The measurements will 
include core power maps using the flux wire system, thermal 
and hydraulic measurements, and reactivity state point 
variables. These measurements will indicate the trend in 
gross power sharing with burnup and provide a measure of 
reactivity depletion. During this phase, the calculations 
will be updated to conform with the actual reactor operating 
history. At least twice during the long-term irradiation 
period and at the end of Core II life, the zero-power 
reactivity state will be measured by determining the all-rod,c 
out, xenon-free, boron concentration at operating t l'lllI:'-'1·a t ur». 
The moderator temperature coefficient and selected control rn.: 
worths will be measured and trends with burn up arnl lJoron 
concentration will be established. 
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2. Summary 
The following statements briefly summarize the work 
accomplished during the quarter: 
a. The measurements program to be followed in the 
Saxton Core II startup and escalation to full-power 
was defined. 
b. The program of analysis required in support of these 
initial experiments was begun. In addition, the 
analytic procedure to be followed throughout Core II 
operation was defined and the necessary burnup 
calculations were started. 
B. Experimental Program 
A detailed sequence of experiments to be carried out from 
initial criticality to full-power operation has been defined. 
The planned experimental program is shown in Tables 510.l and 
510.2. The column labeled "Technique" refers to a defined 
experimental procedure to be followed in the conduct of the 
experiment. 
C. Analytic Program 
The analytic program consists of two parts: The first, concerns 
the analysis that is needed in the conduct of the initial test 
program. The required analysis includes determining the boron 
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Table 510.1 SAXTON CORE II - ZERO FOWER TEST SEQUENCE 
Core Condition Change Core Condition Final Value Control Rod -t:\n~l ~o~ilion 
ATa,g AP AB AO A Total Tavg p B Q Total Rods 3 Rods 1 Rod 5 Rod Z Measurement Technique Comments St<:>p Operation Alkali Alkali and 4 and 6 No. 0. moles x 104 OF moles x 104 inches inches inches inches :,1Wt psi ppm MWt r psi ppm kg kg 
,Li and "'.J 
1 All Rods Withdrawn None* None* None* Hone :lone* 530 2000 * 0 ;(- 40* 40* 40* 40* 1/M, :od Withdre.vl ··,c-1 
(- 11, Shutdovn) 
2 Boron Dilution None* None* None None 530 2000 0 40* 40* 40* -31* 1/M, Boron ',C-2 Initial 
(Critical)* Dilution Cri ticali t .. 
3 Endpoint None* None* None* None* None* 530* 2000* O* 40* 40* 40* 40* B, P '.3-1 
(+-0.5mp) 
4 Boron Dilution None* None* None None 530 2000 O* 40* 40* 40* -24* 'lp/oh,periodic B ZW-1 
(critical)* 
5 Instrument Response None* None* None* None None* 530 2000 -0 40* 40* 40* -24 ') Z"'-1 
(- critical)* 
6 Prirrary System Cool -460 -1650 None* None None* Ambient* 350* -0.2* 40* 4ox- ">o/ Tavg; op/cJr; ~-1 
Down (critical)* 'Jp/oh, ".W-1 
1ef'lec. Den•. Maps I-1 X-1 and C-5 
ever· 20°F 
7 Boron Injectior, 
(critical)* 
None* None* + !lone None Ambient 350 O* 40* 40* 40* 4€.* 'lp/oh,periodic B ".W-1 
3 Ter.perature Coeff. 
( cri tica.l )* 
±5* None* Mix. None None -,nb 350 O* 40* 40* 40* 4C '>ip/cJr cT-1 
') Endpoint None* None* None* None* None* Ambient* 350* O* 40* 40* 40* 40* J, p ::] (+-0.5r.p) 40* 40* 40* !),()/rod 2 ~ 10 Tiod 2 Trlp None :lone !lone i:one iione .l\r1bient 350 0 O* 
11 ~Ione* Xone* None* Ambient* 350* 40* 40* 40* Q-X· :oise records for 
Subcrltical 
;~eactor Noise none il"one* 0 
~1easurement 
Measurer::e:i.t lhutdovn Eval. :-iest 
12 Rod 2 Withdraw: !lone·:<· !lone* iione* Hone :;one* Ar:bient 350 0 40* 40* 40* -3C 1/M, od Withdravl r-1 I 
(critical)* 
op/on 
13 Boron Dil'-ltior !lone* !Tone* - none :;one Anbient 350 O* 40* 40* 40* -0* 'Jp/o~,periodic 2 7,W-1 
( critical)* I 
14 Temperature :oeff~ :·5* I~one* Mix. ~;one :;one -9.Mb 350 O* 40-* 40-X 40* -o jp/'cr:: ! 3':1-1 
(critical)" i 
; 
I 
1 
40* 40* 40* 15 Endpoint 1;one-"'.- · :;or_e-~- : ; one-:<c- ; =~ or.e* :.one-* ~:--bient·:: 350-~ ()* O* 3, p .:3-1=; 
(± -0.'5 :-1p) 
: 
*Controlled condition - ':'his con~i tion is to be approxir.ated as C1earl:· as poss_lble b adj'lSt Lng as necessar t'le condit: ons not desig!lated b aster-\sks 
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Table 510.1 SA.X~·ON co~ .. 
,,, ,, I ( ,)re \. di'(' ' dl', cr~an,c.c t 'ore t ondition ~-inal \'alue Control J) od L'1nal "os It 10n t:,. I Ll)' t:,.0 1 dt<d I 1 d, ~ p B Q Total F. od s ) Forls l Pod c; l\od 2 rTec!1n1que Of)erat1on ci \ C t:,. i, t:,. '.]k;d1 :dkali >.:casurPn1ent Comments 
"\u. moles x 104 and 4 and 6 \ ! \\ t :cioltes x I 04 ',,\Wt inches inches inches 1n,·hes l p~; PP" k~ 
ps1 ppm kg 
. - - -
-- -------- ~---~- - -·~- ----- -~· -------(Li & K) 
16 4o* 4o* * * u:i/rod 5 Rod 5 Trip None None None None None Ambient 350 0 0 0 ZW-2 
* * * * * 4o* 4o* * * } Slli>or> uoa, 17 Reactor Noise None None None None, None Ambient 350 0 0 0 Noise records for Measurement Measurement shutdown evaluatior Test 
* * * •· 4o* 4o* * 1/M) rod withdrawa 18 Rod 5 WithdraJ"l None None None None None Ambient 350 0 .'v40 
-0 ZC-1 { clp/dB (critical) 
* * * 4o* 4o* * * j~/clh,periodic B 19 Boron Dilution None None - None None Ambient 350 0 ~o 0 ZW-1 
(critical)* 
* * 4o* 4o* * ':l;:,OT 20 Teiperature Coe:r:r. ± 5 None Mixing None None ~Amb. 350 o" ,-.,0 0 ZT-1 
(critical)* I 
* * * * * ; * * 4o* 4o* * * J 21 Endpoint lfone None None None None Ambient 350 0 0 0 B,o ZB-1 1 (± 0.5 mp) 
* * * 4o* h.18* * * oo/oh,periodic B 1,,0, 22 Boron Dilution !{one None - None None Ambient 350 0 0 0 ZW-1 
(critical)* 
* * * * * ' 
* * 4o* 1.-,18* * * 23 Stakepoii:tt. * Jfone None None None None Ambient 350 0 0 0 B,h ZB-3 
(critical) r.3tr.4 
t 
24 Configuration None None None None None Ambient 350 0 o*, * * 4o* 0 0 None ~ 
·-Exchange (critical) I 
I 
Rod 4 Trip 0* 1 o* * * 4o* 4:>/rod 4 25 Jfone None None None None Ambient 350 0 0 0 ZW-2 Stuck rod 
I 
"Shutdown 
* * * * 
; * * * * 4o* 26 Reactor Noise "'-•· Ione Jfone None None None Ambient 350 0 0 0 0 Noise records for Evaluation 
shutdown evaluatirn 
27 Rod 2 Trip JJooe None None None None Ambient 350 0 0 0 0 0 None ,...., 
28 * * * * 4o* 
-18 * * ; 1/M) rod withdrawal Sequenced Rod lfone None None None None Ambient 350 0 0 0 ZC-1 
Withdrawal 
(critical)* 
Primary Syst:'i Hee'! 180 * * * 4oo* * 4o* * ! 4:>/Tavg; clp/dT; 29 + + 50 None None None 250 ~0.2 0 ZT-1 
up (critical) 
~clp/dh ZW-1 pump heat 
, ef'lec. Dens. Maps I-1 X-1 & C-5 
I i every 20°F * ' * 4o* I * ' 30 Pressure Coeff. Jfooe ± 100 None None None 250 -400 0 0 'clp/clP ZP-1 (critical)* I 
I I ' I I I 
* I I ! ' controlled Condi ion ! I : i 1 I I 
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Table 510.1 SAXTON CORE II - ZERO POWER TEST SEQUENCE (Cont'd) 
Core Condition Change 
St"p 
~u. 
31 
32 
33 
34 
35 
36 
37 
38 
Operation 
Pri. Sys. Heatup 
(critical)* 
Boron Dilution 
( critical)* 
Temp. Coeff. * 
(critical) 
I Press. Coeff. j (critical)* 
I j Stskepoint * 
, (critical) 
Conf. Exchange 
(critical) 
Rod 4 Trip 
Reactor Noise Meas. 
39 I Rod 2 Trip 
.o.Taq~ 
o. 
l 
.O.P 
psi 
+28o 1+1600 
* I * None None 
.O.B 
ppm 
* None 
.o.Q 
MWt 
±< 0.5 
None 
* I * ± 5 None I Mixingj None 
* None 
* None 
None 
None 
* None 
* ± 100 I None 
* I * None None 
None I None 
None j None 
* r * None None 
None 
* None 
None 
None 
None 
None INone I None I None 
40 * I * I * Sequenced Rod With- I None None None I None 
drawal (critical)* 
41 I Stakepoint * 
(critical) 
42 I Boron Injecti~n 
(critical) 
43 
44 
45 
Temperature Coeff. 
(critical)* 
Pressure Coeff. 
(critical)* 
Endpoint 
(± 0.5 mo) 
* 
*' *I *I * None !None None None 
* ,, * None ,None I + I None 
* ,. * 
± 5 .None I Mixing! None 
* : ~ I' None /± 100 I None I None 
* None 
,! 
1: * 
1:None * None * None 
Controlled Condition 
.0. Total 
Alkali 
moles x 104 
kg 
* None 
None 
None 
None 
* None 
None 
None 
* None 
None 
* None 
* None 
None 
None 
None 
* None 
Core Condition Final Value 
Tavg 
or 
530* 
530 
... 530 
530 
* 530 
530 
530 
* 530 
530 
530 
p 
psi 
* 2000 
2000 
2000 
,t.,2000 
* 2000 
2000 
2000 
I 2000* 
I 
2000 
2000 
* I * 530 2000 
530 r 2000 
lr ,530 2000 
530 2000 
* 530 2000 
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,, 
...., B 
ppm IMWt 
* .-;0.2 
0 .. 
* 0 
* 0 
* 0 
0 
0 
0 
0 
0 
* 0 
o* 
* 0 
o* 
o* 
Total 
Alkali 
moles x 104 
kg 
Li+ K 
Control Rod "'inal nosition 
Rods 3, Rods 1 
and 4 and 6 
inches inches" 
40* 
* 40 
4o* 
40* 
40* 
I 
b,3; r.4 *' 
' l 
t 
r*' o* 
o* 
0 
4o* 
40* 
- .. 18* 
·18 
18 
18* 
o* 
0 
* 0 
0 
~18 
40* l,._,18* 
40* lr, 40* 
4o* I 40 
40* I 4o 
40* 4o* 
Rod 5 I Rod 2 
inches! inches 
* 0 
* 0 
* 0 
* 0 
o* 
* 0 
o* 
0 
o* 
o* 
o* 
0 
0 
o* 
I 
* 0 
* 0 
* 0 
* 0 
* 0 
40* 
40* 
40* 
t, 0 
* 0 
* 0 
* 0 
* 0 
* 0 
* 0 
Measurement 
/::,p/Tavg; oo/oh 
Ref. Dens. Maps 
oo/oh,periodic B 
oo/oT 
oo/oP 
B h 
None 
t:,p/rod 4 
Noise records for 
shutdown evaluatio1 
None 
1/M) rod withdraws: 
B ; h 
op/oh,periodic B 
op/~T 
oo/oP 
B; c, 
echnique 
ZT-1 
ZW-1 
I-1 
ZW-1 
ZT-1 
ZP-1 
ZB-3 
ZW-2 
ZC-1 
ZB-3 
ZW-1 
ZT-1 
ZP-1 
ZB-2 
Comments 
fl 
Nuclear and 
pump heat 
X-1 & C-5 
every 20°F 
Stuck rod 
shutdown 
Evaluation 
o:,/oB 
Table 510. 1 - SAXTON CORE II - ZERO POWER TEST SEQUENCE (Cont'd) 
Core Condition Change Core Condition Final Value Control Rod 'C"'inal ~osition 
L>Ta,g 6 Total Tavg p B Q Total Rods 3 Rods 1 Rod 5 Rod Z Technique L>P L>B L,Q Measurement Comments Step Operation Alkali Alkali and 4 and 6 No. o. moles x 104 OF psi MWt moles x 104 inches inches inches inches r psi ppm MWt kg ppm kg 
Li + K I 46 * * 2000 * 4o* 4o* ,v4o* * op/oh,periodic B Boron Injection None None + None None 530 0 "'o ZW-1 (critical)* (oo/oB) 
47 * * * 4o* 4o* ,-v40 '>io/oT Temperature Coef'f'. ± 5 None Mixing None None ~530 2000 0 ,..,o ZT-1 (critical)* 
48 * * * * * * * * 4o* 4o* 4o* * Endpoint None None lfone None None 530 2000 0 0 B ; P ZB-2 
-(± 0.5 mp) 
49 Rod 5 Trip None None lfone Noa.e None 530 2000 0 4o* 4o* * * 4:>/ rod 5 -0 0 ZW-2 
* * 4o* 4o* * * 
Subcritical 
50 Reactor Noise Meas. None None None None None 530 2000 0 0 0 Noise records f'or ~easurement 
shutdown evaluatiOJ Test 
* * * * 
~* 4o* ...,4o 1/M) rod -withdrawa 51 Rod 5 Withdrawal None None Iroa.e Irone None 530 2000 0 ,.J) ZC-1 . (critical)* I 
I 
* * * 4o* 4o* 4o* * op/oh1periodic B 52 Boron Injection None None + None None 530 2000 0 "'30 ZW-l (critical)* ~ oo/oB 
* * * * * 40* 4o* 4o* * 53 Incore Mapp!~ None None None "-None None 530 2000 i,v0.2 ,..,30 Temp. & Flow Maps I-Series (Incore Detectors) Flux Map ('Iype 2 
(critical)* analysis) 
54 * * * * * 4o* 4o* 4o* * Noise & Oacillation None None None None .None 530 2000 0 1,.,30 Noise & Oscillatio, Basepoint 
Meas. (critical)* Meas. f'or power 
measurements 
* * * 4o* 4o* 4o* ~36* clp/ clh1 periodic B I 55 Boron Injection None None + None None 530 2000 0 ZW-l (critical)* 
56 * * M1x1ni * 4o* 4o* 4o* ....,36 op/clT Terperature Coef'f'. ± 5 None None None 1,,530 ~2000 0 ZT-1 (critical)* 
* ± 100! 57 Pressure Coef'f'. None lfone None None (critical)* 530 
2000 o* 4o* 4o* 4o* 
~36 oo/clP ZP-l 
58 * * * * * 530* * * 4o* 4o* 4o* * Endpoint None None None None None 2000 0 40 B ; P ZB-2 
-
Check (± 0.5 mp) against 
Step 3 
59 Rod 2 Trip None None None None None 530 2000 0 4o* 4o* 4o* * /:,p/rod 2 0 ZW-2 
- Subcritical 
60 * * * * * * * 4o* 4o* 4o* * Measurement Reactor Noise Meas. None None- None None None 530 2000 0 0 Noise records f'or Test -
shutdown evaS.uatio~ 
* Controlled co !tdi tion 
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Table 510.1 - SAXTON CORE II~ ZERO POWER TEST SEQUENCE (Cont'd) 
Step 
No. 
61 
62 
63 
Oµeration 
Rod 2 Withdrawal 
(critical)* 
Rod 3 Trip 
Rod 3 Withdrawal 
(critical)* 
64 IConfig. Exchange 
(critical) 
65 !Boron Dilution 
(critical)* 
66 
67 
Config. Exchange 
(critical) 
Stakepoint 
(critical) 
* 
-
Core Condition Change 
·:·'tJ;;1 ·0 1 r psr ppm ,dWt 
·-- --
* I * I * None None None !None 
None !None I None I None 
* L * I * None !None None !None 
None IN one I None I None 
* L * None fNone I - !None 
None 
* None 
JNone I None I None 
JNone * * None * None 
t:,. Total I 
,\lkali 
moles X 104 
kg 
* None 
None 
* None 
None 
None 
None 
* None 
Controlled clondi tior 
Tavg 
Oy 
530 
530 
530 
530 
530 
530 
530* 
END OF 
Core Condition Final Value Control Rod Vinal ~osition 
p I B I Q I Total I Rods 31 Rods 1 I Rod 5 I Rod Z 
Alkali and 4 and 6 
psi I ppm I MWt J moles x l0 4 inches inches inches I inches kg 
Measurement 
~----+---·+----+---+---
Li+ 0 
2000 
2000 
2000 
2000 
2000 
2000 
0 
0 
0 
0 
* 0 
0 
2000*1 JI o* 
l;ERo POWER cTOR 
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4o* I 4o* 
-3 1r.4
1 
* 
o* 1 4o 40 
*, * 40' 40 4o 
I 
4o* 4o* 
4o* 4o* 
4o* 4o* 
4o* 4o* 
PHYSICS TEST PROGRAM 
4o* 
4o* 
4o* 
,.,36* 
* 
4o* 
4o* 
....,36 
1 ...... 36* 
i,.,36 
4o* 
4o* 
1/M) rod withdrawal! 
Loo/rod 3 
1/M) rod withdrawal' 
None 
op/oh,period.ic B 
None 
:B; h 
Technique! Comments 
ZC-1 
ZW-2 
ZC-1 
ZW-1 
ZB-3 
~ 
St,•p 
No. 
1 
2 
3 
4 
i {
5 
~ 6 § 
u 7 
+' 
s::: 
Qj 
8 
9 
{
10 
~ ll 
! 12 
13 
14 
15 
Table 510,2 - SAXTON CORE II - ELEVATED PO':/ER REACTOR PHYSICS TEST 
Core Condition Change Core ( ~ondi tion Final Value ~ontrol Rod t:"'inal ~osition 
Operation .6 Ta\ g 
0 j 
.11.P 
psi 
.t.13 ,11.Q 
ppm :,1Wt 
Power :fncrease 
(Auxiliary Load) 
* I * I * I * 
,,"'None None None +6 
Total Loss of Load None * I * None -6 
Power Increase * I * I * I * 1,-vNone None None +10 
Incore Instrumen. 
(Incore Detectors) 
*I *I * 
-drift I None None None 
Incore Instrumen. l -drift!None* 
(Incore Detectors) 
* I * Noise & Oscil. Meas.I None None 
* I * Xenon Follow !,.,None None 
(< 12 hrs) 
* None 
* None 
* None 
* None 
* None 
* None 
Power Increase * I * I * I * j,-vNone None None +5 
Incore Instrumen. 
(Incore Detectors) 
*I *I * 
-driftlNone None None 
Incore Instrumen. I -driftlNone* 
(Incore Detectors) 
* I * Noise & Oscil. Meas.l None None 
* I * Xenon Follow 1--, None None 
("' 72 hrs) 
; Incore Instrumen. t -drift 
I 
(Full Core Flux Wir ) * 
Stakepoint None 
* None 
* None 
Power Coefficient + None * I * 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
- * + l 
Total 
A ,\lkali 
moles x 104 
kg 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
* None 
Tavg 
o:r 
530 
530 
-530* 
* 
-530 
530* 
530 
530 
* ~530 
-530* 
530* 
530 
* "'530 
* 530 
* "'530 
p 
psi 
2000 
2000 
2000 
• 2000 
• 2000 
2000• 
2000 
2000 
' 2000 
' 2000 
' 2000 
2000 
• 2000 
• 2000 
' 2000 
B 
ppm 
Q 
MWt 
6 
* 0 
* 10 
* 10 
* 10 
* 10 
* 10 
* 15 
* 15 
* 15 
* 15 
* 15 
* 15 
* 15 
* 15 
- This condi"tion isto be approximated as pearly ~s possible 
T""' 1· "=rY <>• coTooa "i '··rT ""' * I I Controlled bondition I 
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Total I Rods 3 ~Rods 1 
Alkali and 4 and 6 
n10les x 104 inches nches 
kg 
Li & K 
y 
risks. 
4o* 
* 40 
40 * 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
40 * 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
Rod 5 
inches 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
4o* 
Rod 2 
inches 
Measurement Technique 
4J/Q QQ-1 
System Response T-Series 
4:i/Q QQ-1 
Temp. & Flow Maps 1I-Series 
Flux Maps { Type 1 alysis} 
Temp. & Flow Maps I-Series 
Flux Maps { Type 2 alysis} 
Noise & Oscil. Ree • -Series 
4,/xe (t) QX-1 
4>/Q QQ-1 
Temp. &: Flow Maps r-Series 
Flux Maps { Type 1 alysis} 
Temp. &: Flow Maps I-Series 
Flux Maps { Type 2 lysis} 
Noise & Oscil. Ree . -Series 
4J/xe (t) 
oo/dh; oo/oT 
QX-1 
Temp. &: Fl~ Maps J I-Ser:ffs 
Flux Maps tType 311"alysis) 
h B 
oo/oQ; oo/oT 
oo/oh 
QB-3 
QQ-2 
Comments 
Immediately 
aft. pow. rise 
Every 3 in. of 
rod 2 motion 
Continuously 
Immediately 
aft. pow. rise 
Every 3 in. of 
rod 2 motion 
Continuously 
Specify a 
conditions 
Table 510.2 - SAXTON CORE II - ELEVATED POWER REACTOR PHYSICS TEST (Cont'd) 
--
Core Condition Change Core Condition Final Value Control Rod "'inal "osition 
ATaq; AP AB AO A Total Tavg p B I Q Total Rods 3 Rods 1 Rod 5 Rod Z Step Operation Alkali Measurement Technique Comments Alkali and 4 and 6 No. o_ moles x 104 OF moles x 104 inches inches inches iv!Wt psi ppm J MWt inches r psi ppm kg kg 
Li & K 
* * * 4o* 4o* 40* Total Loss of Load None None -15 None 2000 0 System Response T-Series 
* * 4o* 4o* 4o* Recovery to Power None None +15 None 530 2000 15 None 
* * * * 4o* 4o* 4o* * ao/ah Boron Dilution None None - None 530 2000 15 h ex QW-1 
* * * * * 4o* 4o* 4o* 4'/Q Power Increase None None None Qx-15 None 530 2000 Qa QQ-1 
* * * * * * 4o* 4o* 4o* Incore Instrumen. ±drif' None None None None ..,530 2000 
'b Temp. & Flow Maps I-Series Immediately (Incore Detectors) Flux Map{ Type 1 A alysis} aft. paw. 
rise to 
specif'y 13 
conditions 
* * * * * * 4o* 4o* 4o* 4'/xe(t) Xenon Follow -None None None None None 530 2000 'la QX-1 continuously ( 6 hrs) 
* * * Qi,-(Ja* * 4o* 4o* 4o* 4'/Q Power Adjustment ,vNone None None None 530 2000 %* QQ-1 
± drif'i * * * * * * 4o* 4o* 4o* Incore Instrumen. None None None None N 530 2000 Qi, Temp. & Flow Maps I-Series Immecliately (Incore Detectors) Flux Map {Type 1 A mlysis} aft. paw. 
* * * * * * 4o* 4o* 4o* 
rise 
Incore Instrumen. - drif't None None None None "'530 2000 % Temp. & Flow Maps I-Series Every 3 in. (Incore Detectors) Flux Map {Type 2 A mlysis} of' rod 2 
* * * * * * * 4o* 40* 4o* --
motion 
Noise & Oscil. Meas None None None None None 530 2000 % Noise & Oscil. Ree II. -Series 
+' 
* * * * * * 4o* 4o* 4o* 4'/xe(t) Xenon Follow ""None None None None None 530 2000 % QX-1 (48 hrs) () 
* * * * * * * 4o* 4o* 4o* Incore Instrumen. None None None None None 530 2000 % T Temp. & Flow Maps I-Series Specify 7 ( Full core flux wir, s) Flux Map {Type 3 A balysis} conditions 
* * * * * * * 4o* 4o* 4o* Stskepoint None None None None None 530 2000 % h ; B Q.B-3 
- * * * - * * * * 4o* 4o* 4o* oo/oQ; 'oo/oT Power Coefficient + None None + 1 None "'530 2000 
"'% QQ-2 oo/oh 
Total Loss of Load * * * 4o* 4o* 4o* None None 
-% None 2000 0 System Response T-Series 
* Controlled Condition 
I I 
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Tabl.e 510.2 - SAXTON CORE II - ELEVATED POWER REACTOR PHYSICS TEST (Cont'd) 
Core Condition Change Core Condition Final Value Control Rod "'inal nosition 
ATa,g A Total Tavg p B Q Total Rods3 Rods 1 Rod 5 Rod 2 Step AP AB AO Alkali Measurement Technique Comments Operation Alkali 
and 4 and 6 No. o. moles x 104 oy psi MWt moles x 104 inches inches inches inches r psi ppm MWt kg 
ppm kg 
Li & K 
!Jone * * * * * * 4o* 4o* 4o* 31. Reccrrer;r to Crit. None None None 530 2000 0 None ..... As· rapidl;r 
as possible 
I:f r icov-e:ry to cri ticali tJ is acca p:pl.ishe in l ess thf n 2 hOurs, cm t step1 32 thri ugh 34. 
I:f r ~ove:ry to criticsl.itJ require II more ~:: hours, continue v1.1 h step 2. 
,i-one * * * 4o* 4o* 4o* 32 Power Inereaee ..trone None +% None 530 2000 % None 
...., 
!xenon Stabilization tfone * 530* 2000* * 4o* 4o* 4o* 33 None None None None % None ...., (48 brs) 
34 * None* * * * * 4o* 4o* 40* 4'/Q Power Decrease 1-vNone None ~ None 530 2000 0 QQ-l. As rapidly 
as poasibl.e 
txenClll Follov (72 hrs * kone * * 40* 40* 4,/xe(t) 35 None None None None ..... 530 2000 0 ZX-l. (critical) 
36 * :Boran InJectiClll None 
(critical)* 
lfone* + None 530 2000 * 0 40* 40* 40* oo/oh,periodic B ZW-l. 
* None* ~ * o* 40* 40* 4o* oo/oT 37 'l'ftp. Coefi. ± 5 None None "'530 2000 ZT-l (critical)* 
38 * lfone* * * ** * 2000* * 40* 40* 40* Stakepoint None None None None 530 0 h ; B ZB-3 ( cr1 tical )' 
* ** 2000 
* 4o* 4o* 40* t:.;,/Q k'ione* * + 2* 530 2 QQ-l 39 ~ Increase --None None None 
(auxiliary LOe.d) 
i.o !Jiower Incre&ee * Rone* * +-4* * ,..6* 40* 4o* 4o* 4'/Q ~None None None 530 2000 QQ-l }--(Min. Generator LOe.d Startup 
.JiJ. * Hone* * ~(-2) * * 40* 40* 40* 4,/Q 1'0lrer Incn!s.se L..None None None 530 2000 ~ QQ-l. . 
Hone* * * * * * 40* 40* 4o* * 
. 
li2 Incore Mapping - drl:ft None None None ,..530 2000f Qr 30 Temp. & Fl.ov Maps :1-series A:fter each (Incore Detectons) Flux Map {Type 2 Analysis} ll 4'1, increas 
43 txenon Follow (72 hrs * Rone* * * * * 40* 4o* 40* * 4,/xe(t);periodic B: 
in t:.;,/xe 
None• - None None 
-530 2000* ~ 30 ± l QX-2 (b,- .xencm boron exch Inge) oo/oh 5 30"; oo/oTI xenon ef':fec· 
• 
on pover 
e 
! diatributioi 
* l I Controlled Conditi, n 
' I • I 
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Table 510.2 - SAXTON CORE II - ;cL'c'iATi,D ,;n,,;Jn, mJ,C VifYc"IC'.3 TE3 r (Cont'd) 
c·ur(' (~unrl1t1on c:hange Core (.,ondition }·'inal Value Control I?.od C'1nal nosition 
fi I ct \ L:: Total T ct\·g p ll Total Rods l l-(ods 1 Rod 5 Fod 2 St<'p Opf'ra.t1on .0.l' .O.i"I .o.Q .0. _\lkal1 '--' ,'1kali h1easurement Technique Comments and 4 and 6 
"\Jl), moles x 104 moles x 104 inches inches i.nches inches i- ps 1 µp111 \!Wt psi ppm MWt kg kg 
Li & K 
44 * * * * * * * * 4o* 4o* 4o* * Incore Mapping "'None !None None None None 530 2000 Q 30 Temp. & Flo" Maps I-Series ~ (Full Core Flux Wire ) )' Flux Map {Type 3 An lysis} 
45 - * * * * * * 4o* 4o* * * 2lo/ilQ i Pmrer Coefficient + !None None 1 MWt None -530 2000 40 ,..30 QQ-2 
* * * * * * * * 4o* 4o* 4o* * 
! 
46 Stakepoint None !None None None None 530 2000 Q)' 30 B QB-3 
47 * ~one * * * * * * 4o* * * -24* ilo/clh Boron Dilution None - None None 530 2000 Q)' 40 40 QW-1 
48 * r,on; * * * * * * 4o* 4o* 4o* --24* Incore Mapping ""'None None None None 530 2000 Q)' Temp. & Flov Maps I-Series (Incore Detectors) Flux Msp {Type 2 An lysis} 
49 * * * * * * * * 4o* 4o* 4o* -24* Stakepoint None None None None None 530 2000 Q)' B ; h QB-3 
* * * * * * * * 4o* 40* 4o* * clp/clh 50 Boron Dilution None None - None None 530 2000 Q)' "'21 QW-1 
* * * * * * * * 4o* 4o* 4o* * 51 Incore Mapping ....,None None None None None 530 2000 Q)' "'21 Temp. & Flov Maps I-Series (Incore Detectors) Flux Map {Type 2 An U-ysis} I * * * * * * * * 4o* 4o* 4o* * red posit. 52 Stakepoint None !',one None None None 530 2000 Q)' ... 21 B ; h QB-3 > effect on 
* * * * * * * 4o* 4o* 4o* -,18* oo/2lh power 53 Boron Dilution None None - None None 530 2000 Q?' QW-1 distr~ 
54 * * * * * * * * 4o* 4o* 4o* -18* Incore Mapping i-JNone None None None None 530 2000 Q?' Temp. & Flow Maps I-Series (Incore Detectors) Flux Map {Type 2 An lysis) 
-
* * * * * * * * 4o* 4o* 4o* i--,18* 55 Stakepoint None !',one None None None 530 2000 Q?' B ; h QB-3 
56 * * * * * * * 4o* 4o* 4o* * oo/ilh Boron Dilution None !',one - None None 530 2000 Q?' -vl5 QW-1 
* * * * * * * * 4o* 4o* 4o* * 57 Incore Mapping ~None !',one None None None 530 2000 Q?' -15 Temp. & Flow Maps I-Series (Incore Detectors) Flux Map {Type 2 An lysis} 
58 * tione * * * * * * * 4o* 4o* 4o* * Stakepoint None None None None 530 2000 Q?' ... 15 B ; h QB-3 
* tione * * * * * * 4o* 4o* 4o* * clo/clh 59 Boron Dilution None - None None 530 2000 Q)' ~9 QW"-1 
60 * None * * * * * * * 4o* 4o* 4o* * Incore Mapping None None None None 530 2000 Q)' -9 Temp. & Flow Maps I-Series (Incore Detectors) Flux Map {Type 2 An lysis) 
* ,~,.,,_,~ ,,,,,,, bn 
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-
Table 510.2 - SAXTON COR,c TI - SLZ\'Nfi1l .·m.-~ H:'.~CT0R ~HYSTCS ',?S', (Cont'd) 
-
. -· 
(·urP c·unrl1tion c:hange Core Condition ~'inal ~Jalue Control Rod C"inal 0 osition 
~·1 d\ !..! 
.t.J' .t.n .t,Q 6 Total Tavg p B Q Total Rods 3 Rods 1 Rod 5 Hod Z St1·1> Opt·rat10•1 iv1easurement Tecl1n1que Comments 
. \lkalt Alkali and 4 and 6 
'~ I ) • 
:,1\Vt moles x 104 o~ psi MWt moles x 1 04 inches inches inches inches I )-)SI ppm kg ppnc kg 
Li & K 
61 * * * * * * * * 4o* 4o* 4o* * Stakepoint None None None None None 530 2000 Qr ~9 B ; h QB-3 
62 * * * * * * * 4o* 4o* 4o* * oo/ah Boron Dilution None None - None None 530 2000 Qr .... o QW-1 
63 * * * * * * * * 4o* 4o* -4o* * Incore Mapping -None None None None None 530 2000 Qr -o Temp. & Flow Maps I-Ser;ies (Incore Detectors) Flux Map { Type 2 An i,.lysis} 
64 * * * * * * * * 4o* 4o* _4o* * Stakepoint None None None None None 530 2000 Qr ~o B ; h QB-3 
65 * * * * * * * 40 * 4o* * * a.:ilah Boron Dilution None None - None None 530 2000 Qr 30 0 QW-1 
66 * * * * * * * * 4o* 4o* * * 
rod posit. 
Incore Mapping -None None None None None 530 2000 Qr 30 0 Temp. & Flow Maps I-Se~es !I.effect on (Incore Detectors) Flux Map { Type 2 Ar alysis power 
67 * * * * * * * * 4o* 4o* * * distribution Stakepoint None None None None None 530 2000 Qr 30 0 B ; h QB-3 
68 * * * * * * * 4o* 4o* 24* * a.:i/ilh Boron Dilution None None - None None 530 2000 Qr 0 QW-1 
69 * * * * * * * * 4o* 4o* 24* * Incore Mapping ...,None None None None None 530 2000 Qr 0 Temp. & Flow Maps I-Series (Incore Detectors) Flux Map .Type 2 An alysis 
* * * * * * * * 4o* 4o* 24* * 70 Stakepoint None None None None None 530 2000 Qr 0 B ; h QB-3 
* * * * * * * 4o* 4o* * * ?Jo/ah 71 Boron Dilution None None - None None 530 2000 Qr 21 0 QW-1 
* * * * * * * * 4o* 40 * * * 72 Incore Mapping -None None None None None 530 2000 Qr 21 0 Temp. & Flow Maps I-Series (Incore Detectors) Flux Map _Type 2 Ar alysis 
* * * * * * * * 4o* 4o* * * 73 Stakepoint None None None None None 530 2000 Qr 21 0 B ; h QB-3 
74 * * * * * * * 4o* 4o* 18* * ?lo/ah Boron Diluti,:m None ·None - None None 530 2000 Qr 0 QW-1 
* * * * * * * * 4o* 4o* 18* * 75 Incore Mapping -None None None None None 530 2000 Qr 0 Temp. & Flow Maps I-Series - -' (Incore Detectors) Flux Map { Type 2 P nalysisj 
76 - * * + 1 * * * * * 4o* 4o* 18* * ?J.)/aQ; ::io/?JT Power Coefficient + None None None 530 2000 Q 0 QQ-2 
r 
'lp/:lh 
* Controlled Cv1diti n i 
! l I 
! I ' 
I 
i 
' 
; I 
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I'"Able )10.2 - ShXT')IT CC:H:, l'. - ;-:;,C'-h\~';<~D £\Si\C~OR PHYSLCS l':2:ST (Cont'd) 
Core Condition Change Core (,ondition Final Value Control Pod "C"'Lnal nosition 
A I a, C .O.P .0. il .o.Q .0. Total Tavg p B Q Total F. od s l k od s l Rod 5 hod 2 <....;1 (' p C )pc r;t t 1 on 
.0.1easurement Technique Comments , \lkali rllkali 
~nd 4 and 6 '<). 
r :dWt moles x 104 OF psi MWt moles x 104 inches inches inches inches ps 1 µprn kg ppm kg I 
-
Li & K 
* * * * * * * * 4o* 4o* ~18 * * TT ;stakepoint None None None None None 530 2000 Q)" 0 B ; h QB-3 'l 
* * * * * * * 4o* 4o* _40* * op/oh,periodic B 
Ldp dB J 78 jBoron Injection None None + None None 530 2000 Q)" rvO QW-1 I 
+ * * * * * .. * 4o* 4o* ,._,40* * ?Jo/oQ; n ~Power Coefficient None None + 1 None -530 2000 ,vQ)" /V 0 :Jo c!T QQ-2 
I ,b/clh 
j 
* * * * * * 2000* * 4o* 4o* 4o* * 80 ;Endpoint -None None None None None ~530 Q:r 0 B · T QB-1 }e,~} ' avg I * * * * * * * 4o* 4o* 4o* rJ 4o* dP/dh,periodic B 81 !Boron Injection None None + None None 530 2000 Q:r QW-l 
'Power Coefficient - * * * * * * * 4o* 4o* 4o* rv4o* 
.?Jo.P;Q; 00/clT 82 + None None + l None -530 2000 
-Q:r QQ-2 
: d.)/:lh 
!Endpoint * * 
I 
83 * * * * * * 4o* 4o* 4o* 4o* -None None None None None -530 2000 Q:r B• T QB-l 
!Boron Dilution 
' avg 
84 * * * * 4o* 4o* 4o* ~26* None None - None None 530 2000 Q)" None A,; 
85 * * * * * * * * 4o* 4o* 4o* /V26* 4o/Q Power Increase -None None None Qfl-Q:r None 530 2000 % QQ-l 
86 * * * * * * * 4o* 4o* 4o* rV28* Xenon Stabilization -None None None Q/;l None 530 2000 % None ·"-' (48 hrs) 
87 Rod/Temperature * * * * * * * * 4o* 4o* 4o* * 0oj:lT + 5 None None None None 535 2000 Qfl 30 QT-1 Exchange 
88 - * * * * * * * 4o* 4o* 4o* 4o/Depl. ( t1 Depletion Run + (None None None None 535 2000 Qfl QD-1 
89 Loss of Load None * None - QJ3 None * 
-530 * 4o* 4o* 4o* 2000 0 System Response T-Series 
END OF E t..EVATED POWEF REACT( R PHYSICS TE:: lr PROORJ 1M 
' I * CooCcollol CooaHr 
I 
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concentration requirements and rod worth for specified core 
configurations, calculating the two-dimensional power and 
flux distributions for u.se in interpreting the in-core 
flux measurement, and establishing the kinetic characteristics 
needed to interpret the reactivity measurements. Also included 
in this work is the extrapolation of the experimental data from 
the WREC critical experiments and the selection of the methods 
and cross sections to be used throughout the remainder of the 
program. The second part concerns the analytic procedure to be 
followed in tracing the irradiation history of Saxton Core II. 
1. Initial Analysis 
The Saxton Core II loading diagram showing the location and 
types of fuel assemblies is included in Figure 510.1. The 
goal of the initial analysis has been to determine the post-
critical, rods out, boron concentration for: (a) the cold, 
zero-power, (b) hot, zero-power, and (c) hot, full-power 
conditions for the core shown in Figure 510.1. Rod worths 
and power distributions are also being calculated for various 
rod patterns for the three core conditions. The LEOPARD-PDQ-31 
sequence is being used. 
2. Method Selection 
During the WREC critical program, three different versions 
of the LEOPARD2 code were used. The first of these contained 
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• Sb-Be Source 
S Flux Wire/Miniature Detector Thimble 
O Removable Fuel Rod 
X 
Saxton Core II 
Loading Diagram 
PuD2-uo2 Assemblies 
CJad S.S. Zirc. S. s. Zirc 
~ Fuel Vipa.c Vipa.c Pellets Pellets 
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
8 62 
2 
70 
18 
2 
70 
52 
57 
Conventional uo2 Assemblies 
Subassembly Grid 
Space Desifi!! 
Group 1-N No New 
Group 2-N Yes New 
Group 1-S No Old 
Group 2-S Yes Old 
MAPI No Old 
Subassemblies 
N-1 Pu02 -uo2 3x3 subass'y 503-4-26 N-2 Hollow Tube subass'y 516-2 
N-3 Core 1 uo2 subass'y 503-4-25 
N-4 S.T.P. Thimble 503-4-1 
N-5 Comb. Eng. 2x2 subass'y 503-9-1 
Figure 510.l - Saxton Core II 
Loading Diagram 
Leonard3 cross sections. As a result of a detailed 
criticality study, it was decided to change to a more 
4 recent cross section set, those reported by Wescott at 
the 1964 Geneva Conference. At that time a number of 
changes were planned for the production code so these 
changes were also included with the revision in cross-
sections. This version, designated the revised LEOPARD, 
was used throughout the analysis of the WREC critical 
experiments. The net effect of the changes in the code was 
small; the major effect was due to the change in cross-
section sets. 
A new version, LEOPARD-5, is expected to become the production 
code in the near future. This version contains the changes 
incorporated in the revised LEOPARD and a still more recent 
set of cross sections by Sher (1965) 5. To compare the revised 
LEOPARD with LEOPARD-5 codes, duplicate calculations were 
carried out for a number of the WREC critical lattices. The 
comparison is summarized in Table 510.3 and shows that the 
two versions are essentially equivalent particularly for the 
lattice pitch at which most of the experiments were performed, 
the 0.56-inch lattice. Since LEOPARD-5 is to become the 
production code and since it is equivalent to that which 
has been used in the correlation of the WREC experiments, it 
has been adopted for use in the analysis of Saxton Core II. 
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Table 510.4 
A Comparison of CalcuJ~ted k
0
~~ Using the Revised LEOPARD and LEOPARD-5 
* Codes for the WR~r M1v~~-n~;~~ fPu0 2-uo2 ) Critical Experiments 
I,ett,fre Pitch 
(inches) 
* 
0.52 
0.56 
o. 735 
0.792 
1.04 
... ....J ...... J..ti..i\.LJ-) 
-· ·.·, 1965 
r-rnss Sections 
u.~ob913 
l. 00959 
l. 01093 
1.015017 
l.Jl32'12 
Revised LEOPARD 
Geneva 1964 
Cross Sections 
0.988674 
1.00981 
1.01230 
1.01663 
1.01620 
k-bias = 1.0 for botI' sets of calculations and the effect of 
of the aluminum mid-plate was also included. 
** Calculations made by L. Strawbridge. 
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LEOPARD-5 was selected rather than the LASER code since 
LEOPARD is a production-oriented code that can be used 
somewhat more efficiently in the repetitive calculations 
required in the Saxton Core II follow. (LASER and LEOPARD 
criticality results for the WREC experiments are compared 
in the discussion included under the SAX-250 task.) 
3, Installed Reactivity 
A review was made of the hot, clean, full-power reactivity 
to be expected in Saxton Core II based on the comparison of 
analysis with the WREC experimental results and incorporating 
the changes in core configuration from that initially 
assumed in the analysis. Table 510.4 summarizes the results. 
The listed range in the available reactivity value is based 
on estimates as to the magnitude of the possible error for 
each item. 
The following statements explain the items included in 
Table 510.4. 
a. The calculated reactivity of the system was determined 
by means of PDQ-3 calculation with group constants 
determined using LEONARD cross sections. The analysis 
included the presence of partially depleted fuel followers 
and L-sections. An exposure equivalent to 18,000 MWD/tonne 
burnup was assumed for the followers and L-sections. 
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Table 510.4 
Hot, Clean Reactivity for Saxton Core II 
a. Calculated reactivity, PDQ-3 analysis, (k-1)/k 
b. Change in follower locations 
c. Analysis-to-experiment discrepancy 
d. 
e. 
Core configuration changes 
Change in grid material - Stainless Steel to 
Inconel-X 
f. Non-uniform moderator tempe~ature distribution 
g. Change in fuel density from original calculations 
Available Reactivity 
510-20 
% t!.k/k 
13.4 
+ o.4 + 0.3 
- 1.4 + - o.6 
+ 
- 0.3 - 0.3 
+ 
- 0.3 - 0.1 
-
0.2 + 
- 0.2 
-
0.2 + 
-
0.2 
11.l+ + 0. cl -
b. As shown in Figure 510.1, the two fuel followers in 
the center of the Saxton Core I will be moved to outer 
positions in Saxton Core II. The effect of this change 
is to increase the installed reactivity. 
c. The allowance for the discrepancy between analysis and 
experiment was originally based on a comparison of a 
number of Hanford approach-to-critical experiments. 
For these experiments at a lower plutonium fuel loading 
than that specified for the Saxton reactor, an average 
discrepancy of% 2.6% ~k/k was found. To allow for this 
error in the reactivity predictions, an equivalent full-
core error of 3% ~k/k was assumed and a calculated 
weighting factor of% 0.7 was applied for a partial core 
loading. As a result, a correction of 2.0% was used in 
the original reactivity predictions7 for the design core. 
The same type of analysis as that used in the design 
calculations was carried out for the WREC experiments. 
A discrepancy of approximately 2% was found for the 
unborated 0.56-inch lattice which has the same H/Pu ratio 
as the Saxton design at temperature. Applying the 
calculated weighting factor of 0.7 results in a revised 
allowance of 1.4% for the discrepancy. 
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d. The changes of item (d) include the presence of the 
supercritical assembly with a steel plug in position 
El, the partially burned element in El, the movement 
of the vibratory compacted fuel assemblies from the 
corners of the ~~Qtonium region to the flats, and the 
effect of an increase in Doppler due to a non-uniform 
fuel temperature Jistribution. 
Items e, f, and g are the same as those included in previous 
tabulations and correct for the small difference between the 
actual configuration and that used in the analysis. 
4. Operations Follow 
Part of the requirenent of this task is to follow the 
operating history of the reactor. Consequently, during 
this quarter, the analytic procedure to be used was identified 
and the initial burnup calculations were begun. 'l'he procedure 
will make use of three separate analytic steps. In the first 
step, LEOPARD calculations will be carried out for a specified 
burnup sequence with variations made in the boron content 
according to a planned burnup-boron matrix. The output from 
the required LEOPARD will then be placed on tape and will be 
used as a source of group constants to be obtained by a 
process of interpolation or extrapolation. In the second 
510-22 
step, group constants for each region in the reactor 
will be determined according to the region burnup history 
and the reQuired boron content. The group constants will 
then be used in step three, which will consist of a PDQ-3 
calculation corresponding to a particular measurement 
configuration. This procedure was adopted because it will 
provide a simple yet flexible method for analytically 
following the operating history of the reactor. 
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SAX-660 Post-Irradiation Materials Evaluation 
R. J. Allio, A. Biancheria, R. N. Stanutz 
The 3 x 3 removable subassembly containing four vibrationally 
compacted and four pelletized fuel rods and one flux thimble 
operated satisfactorily in the Saxton reactor for a period of 
approximately two months. Exposure accumulated was approximately 
1400 MWD per ton (U + Pu). The reactor is presently shut down 
for refueling. The 3 x 3 assembly will be moved from its present 
periphery location to the center of the core (the center of 
Assembly 3D) during the refueling, 
A detailed post-irradiation sampling plan was prepared for review 
by the AEC. It was approved and authority to proceed with the 
present work program was obtained. Details of the plan are 
summarized in Table 660.1 and the location of the rods to be 
examined in Figures 660.1 and 660.2. Additional details of the 
plan are explained in Attachment I and II. 
The plan was based on a review of the Yankee Core Evaluation 
results and was designed to meet the stated objectives of the 
work program. 
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A 
-
Asymptotic Neutron Spectrum V - Vipac ( Zirc) 
FW - Peiturbed Spectrum N~ar Flux-Wire Location p - Pelletized ( Zirc) 
ws - Perturbed Spectrum Near Water Slot SP - Pelletized (Stainless) 
Table 660.l 
OP - Perturbed Spectrum, Of'f' Pitch sv - Vipac (Stainless) 
Visual Single 
Radiochemical 
Assembly Visual & Stereographic Channel Multi-
Fission Mn-54 
X-ray 9 cuts, 5 Isotopic 
Fuel Neutron Exam. Photo. Exam. Photographic Tensile Burst 
Gross Channel Product. Clad Isotopic 
Burnup Fluorescence 
Auto- 5 Cs, 5 Pu/U 5 Sr-90 
Assembl Rod S ectrum On-Site Intact Assem. Dimensional Metallo ra hie 
Test Test -Scan -Scan Gas Sam le An 
sis Cs-137 Sr-90 . •Zr-95 Pl>[U Radiography 
Full Radial Analysis 
3-D - -- X X 
1-P FW X 3 l l 
l X 2 2 
2 2 
l 
l 
1-V FW X 3 l l l 
2 l 
l 
X 2 2 2 
2-SP OP X 
l 2 ·X 
2 2 
2-SV ws X l 
X • 2 
2 
3-P WS/OP X 3 l l 
l X 2 3 3 
3 
4-P WS/OP X l 
X 2 
2 
5-P WS/OP X 
l X 
2 2 
6-P FW X 3 l l l 
X 2 2 
2 
6-'I' FW X 3 l l l 
X 2 2 
2 
7-P A X 
l 2 5 5 
5 5 l 
l 
8-P A l 
5 5 5 5 
X 
4-D X X 
3-V WS/FW X 3 l l 
l X 2 2 
2 
4-V WS/FW X l 
X 2 
2 
5-V OP X 
l X 2 
2 
9-V A X 
l 3 3 
3 3 l 
l 
Sub-Totals 2 2 15 18 6 6 15 4 
12 12 18 38 13 
38 4 2 
2 
Total 2 2 15 18 6 6 15 4 
12 12 28 58 23 
58 2 
2 
. If techniques improve, may include some Zr-95 analyses· 
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8-P 
5-P 
V Vinac (Zirc) 
P Pellets (Zirc) 
Jf - Pellets (Stainless) 
SV - Vip~c (Stainless) 
1-V 
Figure 660.l 
2-SV 
7-P 
6-P 
6-v 
1-P 
3-P 2-SP 
Location of Rods to be 
Examined in Assembly 3-D 
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4-P 
3-V 4-v 
Nl R6 
9-V 
P4 
Figure 660.2 - Location of Rod to be 
Examined in Assembly 4-D 
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5-V 
Q2 
In order to estimate the statistical significance of the results 
to be obtained, the fission gas diffusion constant results of the 
Yankee Core Evaluation were analyzed and used as a basis for 
estimating the required statistics. 2 The variance, o of the log 
of the Yankee data was calculated and the unbiased estimate of the 
variance, S, obtained from the equation. 
s = o2 N/(N-1) 
where N is the number of samples. 
The limits of X, the mean of the log of the data, were then 
calculated as 
x + ts 
where t is obtained from standard tables of student t distribution. 
The value oft was taken at the 95% confidence level. For the 
Saxton Plutonium Program, we have two groups to consider, vibrationally 
compacted fuel and pelletized fuel; therefore, the number of samples, 
N, is equal to six (a total of 12 rods will be analyzed). The result: 
of the calculation is: 
ts 
= 0.511 
To interpret the meaning of this result, we may assume that the 
average diffusion constant for the Pu02-uo2 
data will be 3,2 x 10-10 , 
i.e., in the same range as the uo2 data. The result then says that 
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we will be 95% confident that the true mean, i.e., the mean of 
the 650 rods being irradiated, will be between 10-9 and 10-10 . 
At the 90% confidence level this range is reduced to 1.2 x 10-lO 
-10 to 8.3 X 10 . 
The results, therefore, will adequately represent the entire 
Puo2-uo2 core and will be sufficient to compare Pu02-uo2 to uo2 .· 
vibrationally compacted fuel to pelletized fuel and most important, 
will be sufficient to establish reference data for design of future 
cores. The data will provide a better basis for design of large 
Pu02-uo2 cores than was available for design of the first uo 2 corPs. 
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ATTACI-ii-SlJT I 
Post-Irradiation Examination - Hot Cells 
Rev. #3 - 7/29/65 
1. Transfer two assemblies from Transfer Building to Hot Cells. 
a. Center 9 x 9, No. 3-D. (Includes 3 x 3 subassembly) 
b. Lower flat 9 x 9, No. 4-D. 
2. Perform visual and photographic examination of the two intact assemblies. 
3, 
a. Examine each assembly for twist, bow, distortion, broken grid 
structures and/or wear markings. 
b. Provide overall composite photographs of each assembly. 
c. Photograph and assess extent of irregularities, if any, observed in (a). 
Remove a total of 15 fuel rods from the two or three assemblies. 
a. Remove rods 1-V, 1-P, 6-V, 6-P, from the 3 X 3. 
b. Remove rods 2-SV, 2-SP, 4-P, 5-P, from Assembly 3-D. 
C • Remove rods 3-V, 4-V, 5-V, from Assembly 4-D. 
4. Perform visual, stereomicroscope and photographic examinatiou of each of 
the 15 fuel rods. 
a. Scan each rod visually in hot cell for possible defects, distortion, 
excess crud. 
b. Scan each rod with stereomicroscope for possible defects. 
c. Photograph each rod. 
d. Note and photograph any defects under the stereomicroscope. 
Perform dimensional measurements of 15 fuel rods. 
a. Take remote measurements of 0° and 90° at six-inch intervals along 
the rod length with a standard vernier micrometer. 
b. Measure and record length to the nearest mil. 
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6. Perform single channel gamma scan of the 15 fuel rods. 
7. Perform multi-char.nel gamma scan of the 2 fuel rods. 
a. Use rods 7-P and 2-SV. 
b. Measure gamma activity at frequent intervals over the length of 
each fuel rod. 
c. Plot activity values. 
8. Collect and analyze fission ~ases released from twelve ro~s. 
a. Use rods 1-P, 1-V, 2-SP, 2-SV, 3-P, 4-P, 5-P, 6-P, 3-V, 4-V, 5-V, ~-V. 
b. hoas T-P, 8-P anct/or 7-V will be punctured to insure the accurate 
coJlection of twelve sac.ples. 
c. Analyze the gasses with a mass spectrograph. 
9, Section the 15 fuel rods. 
a. Us.::: ~:,2 ga..n;Ja s~a.1. of eai.:'" fu.c: rod to determine the selection of 
Il18Xirn11m. :ifff-.P-rmp(1i,a+.o ,:,y,r, »-,-inin111•·n f'J.UX areas, 
c. Number section locations for individual tests. 
10. Prepare samples from each rod for burnup and isotopic analysis. 
a. Select ,5" long samples from areas of interest on the gamma scan. 
b. Refer to Table l for number of samples per rod. 
11. Perform metallographic examination of clad and fuel on 6 fuel rods. 
a. Use rods 1-P, 1-V, 6-P, 6-V, 3-P and 3-V. 
b. Cut three .50" sections from each rod and mount. 
c. Select one sample adj~cent to a burnup sample. 
d. 3elect ~i1e other t.wo samples from areas representing possible 
defect clad se,.,tinns and/or lower flux areas as shown on the gamma 
scan plot. 
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12. Perform autoradiography and radial drilling on a total of four 
selected fuel samples. 
a. Select samples (one each) from rods 1-P, 1-V, 7-P and 9-V. 
b. Drill 9 concentric holes of increasing diameter. Analyze every 
other ring. 
c. Autoradiograph the sample prior to drilling. 
13. Perform clad tensile tests on six selected samples. 
a. Cut six 6-inch tensile specimens from six selected rods. 
b. Use rods 1-V, 1-P, 6-V, and 6-P from the 3 x 3 assembly, and 3-P from 
assembly 3-D and 3-V from assembly 4-D. 
14. Perform burst tests on six selected samples. 
a. Cut six 4-inch burst specimens from the above six selected rods. 
b. Cut these specimens from the area adjacent to the tensile specimens 
or to metallographic specimen near the burnup samples. This decision 
shall be dictated by the gamma scan. 
15. Prepare twelve samples of cladding for radiochemical determination of Mn-54, 
a. Select two samples from the following rods 1-P, 1-V, 3-P, 3-V, 6-P, and 
6-V. 
b. Select cladding samples from the fuel sections dissolved for burnup 
analysis. 
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ATTACHMENT II 
Post-Irradiation Chemical & Radiochemical Examination 
Rev. #3 - 7/29/65 
1. Perform chemical analyses of three randomly chosen pre-irradiated 
Zircaloy samples used as claddi~g for the fuel rods to determine, among 
other constituents, the Fe content of the Zircaloy cladding. Later 
post-irradiation analyses for Mn-54 content will provide a measure of 
the fast neutron flux received which converted the Fe to Mn-54, 
2. Perform radiochemical determination of Mn-54 on twelve samples of 
irradiated Zircaloy cladding. 
a. Select two vipac Zirc-rod samples and two pelletized Zirc-rod samples. 
b. Employ method of sample choice outlined in Section 15 of Attachment I. 
3, Perform burnup and isotopic analyses for 15 fuel rods. 
a. Prepare Pu and U isotopes, Cs-137 and Sr-90 from .5 11 long sample. 
b. Employ method of sample choice outlined in Section 10 of Attachment I. 
4. Perform burnup and isotop~c analyses on four radial drilled fuel samples. 
a. Analyze Pu and U isotopes, Cs-137, Sr-90 and Pu/U ratio as listed in 
Table 660.1. 
b. Employ method of sample choice outlined in Section 12 of Attachment I. 
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Remaining Sub-Tasks 
A. A. Bishop, et. al. 
SAX-520 Thermal-Hydraulic Analyses of Operations - A. A. Bishop 
This work, which will consist of a minimum effort thermal 
and hydraulic follow program during startup and operation, 
is primarily for the purpose of providing flow and heat 
transfer consultation. 
SAX-610 Post Irradiation Storage & Shipments - H. E. Walchli 
SAX-620 Post Irradiation Examination - Transfer Building - D. T. Galm 
SAX-630 Post Irradiation Examination - Hot Cells - D. T. Galm 
SAX-640 Post Irradiation Radiochemical Examination - D. T. Galm 
SAX-650 Waste Disposal - D. T. Galm 
SAX-660 Material Evaluation - R. J. Allio 
A detailed sampling plan is included in this report. 
SAX-670 Fuel Reprocessing - H. E. Walchli 
Technical work in the preceding 600 series of shop orders will 
commence in early 1968. 
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To disseminate lmowledge is to disseminate prosperity - I mean 
general prosperity and not individual riches - and with prosperity 
disappears the greater part of the evil which is our beritage from 
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